Background and Purpose: The aim of this study was to investigate regional cerebral blood flow parameters during the postacute phase of unilateral ischemic stroke and to correlate them with clinical data.
tion may be correlated with clinical data and may be relevant to physicians engaged in the patient's management.
We present here a retrospective analysis of unilateral, chronic stroke cases studied with the`33Xe inhalation method aimed at correlating rCBF findings with clinical parameters; preliminary data on an ongoing rCBF follow-up study are also reported.
Subjects and Methods
One hundred eighty-seven outpatients (135 men and 52 women, aged 18-84 years [mean±SD, 56.6+11. 8 years]) were included in the study. They were selected from a group of >700 consecutive cerebrovascular cases and were diagnosed as affected by postacute ischemic stroke according to the following criteria: 1) a stabilized neurological deficit (>1 month since the acute event) attributable to a unilateral ischemic lesion as determined by clinical history and neurological examination; and 2) a cranial CT scan revealing hypodense supratentorial lesions in one hemisphere; patients with bilateral or infratentorial lesions were excluded.
One hundred thirty-seven (73.3%) patients had an ultrasound Doppler examination of neck vessels and/or angiography performed at different times after stroke and were classified in four subgroups according to the presence and type of obstruction. A complete obstruction or tight stenosis (>70%) of the carotid arteries to the stroked hemisphere was found in 54 (39.4%) cases, no major abnormalities in 73 (53.3%) patients, and in eight (5.8%) and in two (1.5%) patients, respectively, a bilateral or contralateral carotid obstruction was found. Only the first and the second subgroups were submitted to separate statistical analysis; the remaining patients were considered too few to be of statistical interest.
Neurological disability at the time of rCBF examination was graded according to the classification system of the Ad Hoc Committee on Cerebrovascular Diseases ' where ABSs is the absolute value in the stroked hemisphere and ABSc is the absolute value in the contralateral hemisphere. Statistics rCBF data from 159 normal subjects defined as healthy on the basis of medical history and general medical and neurological examinations were used as a normative data base for statistical comparisons. They were divided into five control groups (one for each age decade from 20 to 60 and one from 60 to 80 years). The rCBF of each patient was compared with the agematched control group by a Z statistic'9 using a computer-assisted system developed in our laboratory and described in more detail elsewhere.20 A hypoperfused adjacent probes had z scores <-1.96 compared with control subjects.
The effects of duration of disease, age, and neurological disability at the moment of examination were studied by analyses of variance (ANOVAs) with the two absolute hemispheric values (HeABSc and HeABSs) and the HeASY as the dependent variables, age and duration of disease as regressors, and neurological disability score as a classification variable. In addition, the effect of obstruction of the neck vessels was investigated, introducing this variable in the ANOVA model as a classification variable for the smaller group of subjects when this information was available. ANOVAs were performed by the general linear models procedure of the software package SAS.
To assess the physiological significance of detection of hypoperfusion at ReABS analysis, we identified three hypoperfusion classes: unilateral, bilateral, and absent. We performed x-tests on the 3xn frequency tables with the hypoperfusion classes as the columns and the following categorical variables as the rows: location of the lesion (cortical or deep), neurological disability score, and the presence or absence of carotid obstruction. In the case of a significant result, further x2s were performed in a post hoc fashion on two subtables that were obtained, respectively, by comparing the column that contributes most to the X value with the sum of the remaining two columns, and by comparing the remaining two columns with one another. The resulting x2 components indicate which class is different from the others.
In the patients who underwent two rCBF examinations, HeABSc, HeABSs, and HeASY at the two time points were compared by a paired t test. The correlation between differences in asymmetries and follow-up time between the two rCBF examinations was assessed by Pearson's r.
We report here all "nominal" p values, but we caution the reader that, because of testing for multiple hypotheses, one might reject the null hypothesis more confidently for levels of p.0.01.
Results

Detection of the Infarcted Hemisphere and Association of rCBF Values With Other Variables
Absolute values detected hypoperfused areas in 121 patients (64.7%): in 51 (27.3%) they were confined to the affected hemisphere, whereas they involved both hemispheres in 70 (37.4%).
Asymmetry values revealed significant hypoperfused regions within the stroked hemisphere in 153 patients (81.8%); in one patient a significant asymmetry in the contralateral hemisphere was found.
Of the remaining 33 cases (17.6%) undetected at asymmetry analysis, ReABS showed bilateral hypoperfusion in 11 cases (5.9%) and hypoperfusion in the stroked hemisphere in eight (4.3%), reaching an overall detection of 92%. In 14 patients (7.5%) no statistically significant rCBF abnormality was found. The mean rCBF in the stroked hemisphere (187 subjects) was strongly associated with neurological disability score and age (F=9.0 and 18.7, respectively; p<0.0001), whereas neurological disability score seemed to affect rCBF in the contralateral hemisphere less importantly (F=3.1, p<0.02). rCBF in both hemispheres was independent of duration of disease (F=0.4 for the affected hemisphere and F=0 for the unaffected hemisphere). Interhemispheric asymmetries were strongly dependent on neurological disability score (F=12.2, p<0.0001) but not on age or duration of disease (F= 2.5 and F=3.4, respectively). the strong dependency of hemispheric asymmetry on neurological disability score.
When obstruction of the neck vessels was introduced as an independent variable (127 subjects; duration of disease was dropped because it was nonsignificant in the first analysis), age influenced both the unaffected and the affected hemispheres (p<0.0001), whereas both neurological disability score and carotid obstruction were associated with rCBF in the affected hemisphere (p<0.01) but had no influence on the unaffected one.
Asymmetry values were not influenced by age, whereas both neurological disability score and carotid obstruction were associated with this rCBF parameter (p<0.0001).
The effect of age on the detection of hypoperfusion at ReABS was nonsignificant: the group with no hypoperfusion had a mean+SD age of 56.8±+11.3 years, compared with the group with unilateral hypoperfusion at 55.5±13.3 years and those with bilateral hypoperfusion at 57.2±11.4 years.
There was weak evidence for a higher frequency of cortical versus subcortical infarctions ( Grades 3 and 4 of neurological disability score were found more frequently in the groups with unilateral or bilateral hypoperfusion (21.6% and 24.3%, respectively) compared with those with no hypoperfusion (7.6%). This is shown in Table 3 (p<0.0001).
A similar result was obtained for the presence of carotid obstruction (Table 4) : there was a significantly higher percentage of patients with no obstruction in the group with no hypoperfusion (p<0.01), whereas bilateral and unilateral hypoperfusion did not differ in the prevalence of obstructed versus nonobstructed cases. 
Discussion
Before discussing our results, it should be noted that the group of patients we studied is not representative of the population of stroke patients. Indeed, most of our patients were seen on an outpatient basis, biasing our selection toward patients who had a greater probability of surviving a stroke (only seven of 187 subjects had severe residual disability, which carries higher mortality rates21). Moreover, we excluded patients with hemorrhagic infarctions, who are known to have a more severe prognosis. 2' This study confirms that asymmetries are the most sensitive index for the detection of infarction2,5.6,22 for all degrees of neurological disability (Table 1 ). However, we would also like to stress the importance of absolute values, which never gave false lateralizations. In the only falsely lateralized subject at asymmetries, Doppler examination showed an obstruction of the internal carotid on the side contralateral to the CT lesion.
Absolute rCBF values gave the opportunity to study the association of rCBF with age in both hemispheres (asymmetries are not correlated with age), finding no difference from normal subjects. 23 Neurological disability score had a very significant association with rCBF asymmetries, but absolute rCBF in the affected hemisphere was also significantly correlated.
The presence of obstruction of the neck vessels did not modify the relation with age24 but had a significant effect on the stroked hemisphere, reducing its absolute values even further and significantly increasing the degree of asymmetry between the two hemispheres.2 '22 In this group of subjects, the lower the asymmetry score, the better the clinical condition of the subject.
These data confirm the usefulness of absolute quantification of rCBF in stroke patients in the chronic phase.27 Whereas a unilateral reduction in absolute rCBF is the expected finding, we tried to detail further whether the presence of bilateral reduction of CBF or its absence was related to other clinical features of our patients.
Patients with no hypoperfusion at absolute values had significantly milder degrees of neurological disability (Table 3 ) and a lower incidence of carotid artery obstruction than hypoperfused patients (Table 4) . Moreover, among those patients who were not hypoperfused either at absolute or at asymmetry values analysis (14 cases), only one patient had major carotid pathology and none had neurological disability score > 2. A score of 0 on the neurological disability score was found in 26.7% of these patients in comparison with 9.6% in the whole group.
Therefore, the absence of absolute hypoperfusion may be considered a reassuring finding for the physician and the patient. However, a doubt regarding the ability to detect deep infarctions may be raised.5 Indeed, the prevalence of deep infarctions was slightly higher in patients with normal or bilaterally reduced perfusion and lower in patients with unilateral hypoperfusion (Table 2) . Therefore, absolute values are able to detect a substantial fraction of deep infarctions (51% altogether), especially when they have a generalized effect, possibly because of deafferentation of cortical structures.25 '26 Bilateral rCBF reduction in stroke has been explained with three possible mechanisms: transneural depression,27-30 "interhemispheric steal,''2831 and the presence of systemic vascular risk factors affecting both hemispheres.32 Although we were unable to test the last hypothesis, we showed in a previous report that hypertension can produce a bilateral reduction in rCBF, even in the absence of a stroke,33 and in the same line other authors showed that vascular risk factors can be a cause for rCBF reduction.34 '35 The presence of carotid disease has been invoked to explain rCBF reduction in the contralateral hemisphere,27 producing transhemispheric "reverse steal,"52829 but we found no difference in the incidence of carotid obstruction between bilaterally hypoperfused patients and those with unilateral hypoperfusion at absolute values analysis (Table 4) . Moreover, Table 2 shows that bilateral hypoperfusion does not depend on the location of the lesion, because the ratio between deep and cortical infarctions in bilaterally hypoperfused patients is the same as in the whole group. Finally, Table 3 shows that there is no difference in clinical severity between unilateral and bilateral rCBF reduction. More research is needed to identify the causes and correlates of bilateral reduction of rCBF.
Although the duration of disease had a nonsignificant relation with rCBF in the whole sample of stroke patients, in the subgroup of 38 patients undergoing a second rCBF examination after a mean time of almost 3 years, a significant reduction of interhemispheric asymmetries was seen, due to a slight CBF decrease in the nonstroked hemisphere together with an increase in the stroked hemisphere, both of which were not statistically significant. This is in disagreement with Veering et al,36 who found a nonsignificant increase in asymmetries in 51 patients evaluated on admission and 3 months later. However, our group was studied much later in the course of the disease, and we show here that, at least in those patients with a relatively mild presentation of the disease (73.6% of the sample had a neurological disability score between 0 and 2), a redistribution of flow to the advantage of the stroked hemisphere occurred. However, this compensation mechanism does not depend on time, at least in a continuous fashion. It might be a consequence of other factors such as type of therapy, compliance of the patient, or physical activity. More information on this sample of patients will be provided in a future study. However, these findings might be an indication that prognosis is favorable in those patients who show a decrease of asymmetries (we had no reinfarctions in this sample) and that, conversely, an increase in asymmetries over time should prompt further investigation and may indicate an impairment of hemodynamic compensatory mechanisms.
In conclusion, rCBF evaluation in terms of asymmetry values has many advantages, but important information is contained in absolute values, which can be obtained noninvasively and inexpensively only by using freely diffusible tracers such as 133Xe.
Preliminary follow-up data suggest that, in the absence of recurrent cerebral ischemia, hemispheric asymmetries tend to decrease with time, probably as a result of a new cerebral homeostasis.
